ABSTRACT-This study was designed to elucidate the effects of meluadrine tartrate on oxytocin-induced uterine contraction and maternal hemodynamics in unanesthetized, chronically instrumented pregnant goats. After the administration of meluadrine tartrate or ritodrine hydrochloride to pregnant goats, changes in heart rate (HR), arterial blood pressure (AOP), and arterial blood pH and gasses (Po and Pco) in the mother, as well as changes in intrauterine pressure (IUP) and uterine arterial blood flow (UBF), were measured. The escalating administration of meluadrine tartrate (0.03, 0.1, 0.3 and 1 mg · kg -1 · min -1 ) or ritodrine hydrochloride (1, 3, 10 and 30 m g · kg -1 · min -1 ) to the maternal femoral vein caused a marked and similar inhibition in oxytocin-induced uterine contraction (a rise in IUP). By these escalating dosings, maternal HR was increased dose-dependently in both treatment groups; however, the degree of the HR increase in the meluadrine tartrate-treatment group was significantly less than that in the ritodrine hydrochloride-treatment group. Furthermore, the degree of the UBF decrease in the meluadrine tartrate-treatment group was significantly less than that in the ritodrine hydrochloride-treatment group. The present study suggests that meluadrine tartrate has a mild influence on the maternal cardiovascular function relative to the effects of ritodrine taking the potent efficacy on oxytocin-induced uterine contraction into account.
Meluadrine tartrate is a selective b2-adrenoceptor agonist, which is being developed as a tocolytic agent for the treatment of premature labor. It was reported that meluadrine tartrate had a potent tocolytic activity in animal models. The relative potency of meluadrine tartrate was about 30 times as potent as ritodrine hydrochloride (1 -3) . Ritodrine hydrochloride has been used as a tocolytic agent for a long time; however, it does have some side effects, of which palpitation and tachycardia are of particular concern. There were some clinical reports in which ritodrine hydrochloride might cause significant maternal tachycardia (4 -10) . In pregnant rats, meluadrine tartrate showed a potent tocolytic activity and a good selectivity against the effect on maternal heart rate (HR) (1) .
In the present study, we investigated the effects of meluadrine tartrate and ritodrine hydrochloride on oxytocininduced uterine contraction, uterine arterial blood flow (UBF), and maternal cardiovascular function in pregnant goats. Using our chronic preparation model of pregnant goats (11), we analyzed the meluadrine tartrate-induced changes in HR, arterial blood pressure (AOP), arterial blood pH, arterial oxygen (Po) and carbon dioxide partial pressure (Pco), and base excess, as well as changes in intrauterine pressure (IUP) and UBF in the mother.
Long-term administration is practical in the clinical situation, and consequently, it is considered necessary to investigate the long-term exposure of meluadrine tartrate in animal studies. Before the long-term study, however, we have been considering that it is necessary to compare the "short-term" effects of meluadrine tartrate and ritodrine hydrochloride, for which there have been many animal studies employing short-term administration (12 -15) .
A preliminary account of these findings was presented at the 50th Annual Meeting of the Japan Society of Obstetrics and Gynecology.
MATERIALS AND METHODS

Drugs and chemicals
The following drugs were used: meluadrine tartrate ((-)-(R)-2-tert-butylamino-1-(2-chloro-4-hydroxyphenyl)ethan-1-ol mono-(2R,3R)-tartrate; Hokuriku Seiyaku Co., Ltd., Katsuyama), ritodrine hydrochloride (Sigma Chemicals, St. Louis, MO, USA), synthetic oxytocin (Hintocin ® -O for veterinary use; Sankyo, Tokyo). Meluadrine tartrate and ritodrine hydrochloride were dissolved in saline and sterilized by filtration via a Millex™ filter (0.22 mm; Nihon Millipore Ltd., Tokyo).
Animal preparation
The studies were carried out on nine pregnant Japanese Saanen goats (ranging 18 to 32 kg in body weight), between 110 and 125 days of gestation. The animals were subjected to the experiments, after checking their clinical soundness by pre-operative examinations, including physical examination, clinical laboratory evaluation, radiography of the thorax and abdomen, and echographic evaluation of fetus. These goats were cared for in accordance with the guidelines approved by the Department of Veterinary Medicine of Kagoshima University for the care and use of animals.
The operation was divided into two steps to reduce surgical stress. The first operation was performed on mothers. A 4.7 F (French scale) polyethylene catheters (PE160; Imamura Co., Tokyo) were inserted into the femoral artery and vein, under local anesthesia. The goats were then kept without food or water for 24 to 48 h before the second operation.
The second surgical procedure was performed under anesthesia with ketamine hydrochloride (10 mg /kg, i.v.) and isoflurane. An incision was made in the peritoneum, and a blood flow meter probe (FH020T, FC-040T; Nihon Kohden Co., Tokyo or 3S859; Perivascular Flowprobe, Transonic Systems Inc., Ithaca, NY, USA) with an inner diameter of 2 -4 mm was mounted on the middle uterine artery.
After this, the gravid uterus was exposed, and a 4.7 F polyethylene catheter was placed in the amniotic cavity for measurements of IUP.
The animals were allowed to recover for at least 48 h after surgery.
Experimental protocol
On the day of the experiment, the animal was allowed to sit quietly in her cage. Based on the changes in IUP, a uterine contraction was defined as a rise in IUP sustained for more than 30 s. The uterine activity (UA) was estimated serially during successive 10-min intervals with Montevideo units; i.e., the number of uterine contractions (more than 5 mmHg) per 10-min period multiplied by the mean intensity of uterine contractions. Uterine basal tone was considered as the lowest pressure between contractions during each 10-min period. Following the control period (Cont), oxytocin was administered via a 4.7 F polyethylene catheter which was placed in the external jugular vein on the first surgical day. The infusion rate of oxytocin was varied until stable uterine contractions of approximately 50 Montevideo units were achieved for at least 30 min. This dose of oxytocin was then maintained throughout the remainder of the experiment. The mean infusion rate of oxytocin was 9.4 mI.U./min (S.E.M.; 1.5 mI.U., n = 12). After a 30-min oxytocin control period (Oxy), six goats received an escalating infusion of meluadrine tartrate via the femoral vein beginning at 0.03 mg · kg -1 · min -1 for the first 30 min and then increased to 1 m g · kg -1 · min -1 for the last 30 min. Individual doses of 0.03, 0.1, 0.3 and 1 mg · kg -1 · min -1 for 30 min totaled 2 h of infusion period. Six goats, including three goats that received meluadrine tartrate 2 days before or after the experimental day, received an escalating infusion of ritodrine hydrochloride beginning at 1 mg · kg -1 · min -1 for the first 30 min and then increased to 30 mg · kg -1 · min -1 for the last 30 min. Individual doses of 1, 3, 10 and 30 mg · kg -1 · min -1 for 30 min totaled 2 h of infusion period. The doses of meluadrine tartrate and ritodrine hydrochloride were determined by the previous data in other species (1). Recovery was observed for 2 h after the termination of the drug infusion.
Maternal cardiovascular measurements and arterial blood sampling were obtained immediately before the start of the oxytocin infusion (Cont); before the start of the drug infusion (Oxy); at 30 (D-1), 60 (D-2), 90 (D-3) and 120 min (D-4) after the start of the drug infusion; and at 30 (R-30), 60 (R-60), 90 (R-90) and 120 min (R-120) after the termination of the drug infusion. The UA was calculated for 10 min before each above-mentioned time point during the experimental period. The mUBF value was calculated as the mean of three UBF measurements for each 5-min interval between 10 min before and each above-mentioned time point.
Measurements of physiologic parameters
Maternal HR, AOP and IUP were measured continuously via the catheters, which were connected to previously calibrated, sterile pressure transducers (4-327-C; Bell & Howell, Los Angeles, CA, USA), an amplifier (7747; San-ei Co., Tokyo), and a tachometer (N4778, San-ei Co.). The UBF meter probe was connected to an electromagnetic blood flow meter (MFV-1200, Nihon Kohden Co. or T206, Transonic Systems, Inc.), which was then balanced. All the above data were recorded on a pensillograph (8K24-1-L, San-ei Co.).
The maternal arterial blood pH, P o , P co , base excess and HCO3 were measured by a blood gas analyzer (AVL995; AVL Scientific Co., Roswell, GA, USA), and corrected for body temperature.
The plasma samples were frozen until the assay of meluadrine tartrate concentration in maternal arterial blood was done.
Determination of the plasma concentration
To 1 ml of plasma sample, 0.1 ml of water, 0.1 ml of the internal standard aqueous solution, 1 ml of 1 M ammonium buffer (pH 9) and 6 ml of diethyl ether were added. The whole mixture was shaken for 5 min. Following centrifugation (3,000 rpm, 5 min), the aqueous layer was frozen and the organic layer was transferred to another test tube and evaporated to dryness. Extraction was repeated with another 6 ml of diethyl ether. The organic layer was combined with the residue. After the addition of 2 ml of 0.1 M HCl to the organic layer, the tube was shaken for 5 min. Following centrifugation (3,000 rpm, 5 min), the aqueous layer was frozen and the organic layer was discarded. To the aqueous layer, 0.2 ml of 1 M NaOH, 1 ml of 1 M ammonium buffer (pH 9) and 6 ml of diethyl ether were added. The whole mixture was shaken for 5 min. Following centrifugation (3,000 rpm, 5 min), the aqueous layer was frozen and the organic layer was transferred to another test tube and evaporated to dryness. Extraction was repeated with another 6 ml of diethyl ether. The organic layer combined with the residue was evaporated to dryness. The residue was reacted with 0.1 ml of pentafluorobenzyl bromide (PFB; Aldrich, Milwaukee, WI, USA) in methanol (20%, v/v) and 0.1 ml of N,N-diisopropylethylamine (DIPEA; Nacalai Tesque, Kyoto) in methanol (5%, v /v) at 40°C for 30 min, and then the solvent was evaporated to dryness. The residue was reacted with 0.2 ml of N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA; Wako Pure Chemicals, Osaka). The mixture was allowed to stand at room temperature for 15 min. A 1-ml aliquot of the mixture was injected into the GC-MS apparatus. For each run of the assays, accurately weighed meluadrine tartrate and internal standard was dissolved in water each separately to prepare 100-and 10-mg/ml solutions, respectively. Standard solutions were prepared by appropriate dilutions with water to obtain standard solutions containing six points in the range of 0.2 -10 ng /ml. Plasma standard solutions were prepared at 0.02, 0.05, 0.1, 0.2, 0.5 and 1 ng /ml of meluadrine tartrate by spiking a 0.1-ml aliquot of each of the standard solutions. The internal standard solution was prepared by diluting with water to give concentration of 10 ng /ml. Analyses were performed using a gas chromatography (GC: 5890 series II; Hewlett-Packard, Palo Alto, CA, USA) coupled with a mass spectrometer (MS: SX-102A; JEOL, Tokyo). A fused silica capillary column (30-m length and 0.32-mm internal diameter, 0.25-mm film thickness; DB-1; J&W, Folsom, CA, USA) was used for the separation. Helium was used as the carrier gas at a column head pressure of 40 kPa. The thermal program consisted of an initial hold at 150°C for 1 min, followed by a linear thermal program to 300°C at a rate of 30°C/min. The injection port was held at 200°C. The aliquot was injected in the splitless mode, and the splitter was opened 1 min after completion of the injection. Mass spectrometry was performed in the negative ion chemical ionization mode. The selected-ionmonitoring analysis was conducted using m /z 224.084 and m/z 233.140 for both meluadrine and the deuterated meluadrine hydrochloride (Daiichi Pure Chemicals, Tokyo) as an internal standard, respectively. The assay method had the following specifications for meluadrine tartrate: lower limit of quantitation, 0.02 ng /ml; linearity, 0.02 -1 ng/ml (r>0.999).
Statistical analyses
All values are expressed as the mean ± S.E.M. The measurements immediately before the drug infusion were used as control values, so that the "Oxy" values were regarded as control values. The statistical difference between the meluadrine tartrate-and ritodrine hydrochloride-treatment groups in each parameter was analyzed by 2-way ANOVA followed by Tukey Kramer's method. The dosedependency in each treatment group was analyzed by Williams' multiple range test. Statistical differences between "Cont" and "Oxy" values in the various parameters were analyzed by the paired t-test. Differences in P value less than 0.05 were considered to be statistically significant.
RESULTS
Effects on oxytocin-induced uterine contraction
The escalating administration of meluadrine tartrate (0.03, 0.1, 0.3 and 1 mg · kg
) or ritodrine hydrochloride (1, 3, 10 and 30 mg · kg -1 · min -1 ) caused a marked inhibition in oxytocin-induced uterine contraction (the increase in UA) dose-dependently (Fig. 1) . In each treatment group, the inhibitory effects of all doses were statistically significant, and UA began to recover after the cessation of meluadrine tartrate-or ritodrine hydrochloride-infusion. Between two treatment groups, there were no statistical differences. The inhibitory degree of meluadrine tartrate at each dose was the same as that of ritodrine hydrochloride at each dose, which was approximately 30 times higher than the dose of meluadrine tartrate.
Effects on maternal hemodynamics
Maternal hemodynamics were not influenced by the oxytocin infusion (P>0.05 by paired t-test, Fig. 1 and Table 1 ). Maternal HR increased dose-dependently in both the meluadrine tartrate and ritodrine hydrochloride-treatment groups (Fig. 1) . However, the degree of HR increase in the meluadrine tartrate-treatment group was significantly less than that in ritodrine hydrochloride-treatment group (P<0.001 by 2-way ANOVA). The increases in HR were statistically significant at doses not less than 0.1 and 1 mg · kg -1 · min -1 in the meluadrine tartrate-and ritodrine hydrochloride-treatment groups, respectively. The HR values began to recover after the cessation of meluadrine tartrate-or ritodrine hydrochloride-infusion. Experimental conditions are the same as Fig. 1 . Values are the mean ± S.E.M.
The infusion of meluadrine tartrate or ritodrine hydrochloride did not influence the maternal systolic, diastolic and mean blood pressure (Table 1) .
Effects on maternal arterial blood pH and gasses
Maternal arterial blood pH and gasses were not influenced by the oxytocin infusion (P>0.05, by paired t-test, Table 2 ). The infusion of meluadrine tartrate or ritodrine hydrochloride did not influence the maternal arterial blood pH, Po, Pco, HCO3
-and base excess ( Table 2) .
Effects on uterine arterial blood flow Maternal uterine arterial blood flow was not influenced by the oxytocin infusion (P>0.05, by paired t-test). The mUBF values decreased in the ritodrine hydrochloridetreatment group, but not in the meluadrine tartrate-treatment group. Furthermore, this difference between two groups was statistically significant (P<0.01, by 2-way ANOVA) (Fig. 2) Plasma concentration of meluadrine in maternal arterial blood
The mean plasma concentration of meluadrine in maternal arterial blood increased in a dose-dependent manner in the meluadrine tartrate-treatment group (Table 3) . 
Values are the mean ± S.E.M. 
DISCUSSION
The aim of this study was to elucidate whether it is possible to influence the maternal cardiovascular function and UBF when meluadrine tartrate was infused into the mother using a chronic preparation model of pregnant goats.
The inhibitory potency of meluadrine tartrate on oxytocin-induced uterine contraction was stronger than that of ritodrine hydrochloride in pregnant goats. This result was similar to those in previous studies of meluadrine tartrate in rats and rabbits (1 -3) .
The degree of HR increase in the meluadrine tartratetreatment group was significantly less than that in the ritodrine hydrochloride-treatment group in pregnant goats. Hashimoto et al. (1) reported that the uterus /atrium selectivity of meluadrine tartrate was higher than that of ritodrine hydrochloride in in vitro studies using rat tissues. By a competitive experiment with ICI-118,511, reportedly a selective b 2 -adrenoceptor antagonist, the inhibitory effect of meluadrine tartrate on the spontaneous rhythmic contraction in the uterine preparation isolated from pregnant rats was revealed to be mainly mediated through the b 2 -adrenoceptor subtype (1 -3) . By a competitive experiment with atenolol, a selective b1-adrenoceptor antagonist, the positive chronotropic effect of meluadrine tartrate on the right atrial preparation isolated from pregnant rats was revealed to be mainly mediated through the b1-adrenoceptor subtype (1). In addition, Hashimoto et al. reported that the degree of HR increase in meluadrine tartrate-treated rats was significantly less than that in ritodrine hydrochloride-treated rats (1) . According to the results of the present study in pregnant goats, we confirmed that the uterus /atrium selectivity of meluadrine tartrate was higher than that of ritodrine hydrochloride, like it was in previous studies in pregnant rats.
There were some clinical reports in which ritodrine hydrochloride caused significant maternal tachycardia (4 -10). The present result suggests the possibility that meluadrine tartrate has an advantage of low incidence of the cardiovascular side effects over ritodrine hydrochloride in future clinical use.
In the present study, we observed that ritodrine hydrochloride but not meluadrine tartrate reduced the mUBF in pregnant goats. The reduction of the mUBF during ritodrine hydrochloride infusion was reported in pregnant sheep (15, 16) and guinea pigs (17, 18) . Fujimoto et al. (15) mentioned two putative mechanisms of the decrease of uterine blood flow by ritodrine hydrochloride in the pregnant sheep in the discussion of their report. Firstly, the increase in blood flow to skeletal muscle might cause redistribution of cardiac output, leading to the decrease in uterine arterial blood flow. Secondly, an endogenous activation of the sympathetic nervous system by irritation or restlessness might cause constriction of the uterine vasculature via a -adrenergic receptors. Our result confirmed the effect of ritodrine hydrochloride on uterine blood flow in goats and suggested a ritodrine-specific mechanism such as the latter one mentioned by Fujimoto et al. (15) . Another possibility is that ritodrine hydrochloride may have an agonistic activity towards a-adrenergic receptors. This possibility has been considered but there is no evidence for it. In contrast to ritodrine hydrochloride, meluadrine tartrate did not influence the mUBF. Thus meluadrine tartrate apparently does not have the ability to activate the sympathetic nervous system endogenously.
In conclusion, the present study in pregnant goats clearly revealed that meluadrine tartrate had a potent tocolytic activity and mild influence on the cardiovascular function of the mother in comparison with ritodrine hydrochloride. These results show the possibility that meluadrine tartrate has the advantage of low incidence of cardiovascular side effects, compared to ritodrine hydrochloride, in future clinical use.
